SUMMARY We studied 40 patients with a total of 44 retinal arterial macroaneurysms. All 
Nevertheless, visual loss is influenced not only by the proximity of the MA to the macula, but also by the presence of oedema, exudate, or haemorrhage and its severity, duration, and position. Since the MAs with visual loss and haemorrhage may have a different course and outcome than those with exudate,I"'I'' a classification reflecting this may be useful.
Spalter24 has emphasised that MAs are often incorrectly diagnosed and regards them as a masquerade syndrome. The differential diagnosis includes Coats' disease, Leber's miliary aneurysms, von Hippel-Lindau syndrome, and very rarely venous macroaneurysms. It is important to differentiate MAs from retinal capillary aneurysms which may at times be large but do not arise from an artery and may therefore be treated without risk of vascular injury.
Photocoagulation of MAs was first described by Hudomel and Imre' and has since been reported by several authors. 621 2 '25 27 Although visual acuity is often reported as improved after laser photocoagulation of the MAs with macular oedema or exudate, it may improve spontaneously. MAs are described as being obliterated within one to seven months of 817 MichaelJ Lavin, Ronald J Marsh, Stanley Peart, and A lii Rehinan treatment, though no study has compared this with a large group of untreated cases.
Despite the fact that MAs are not rare, they are frequently misdiagnosed, the natural history is not clear, and only two reports have included more than 20 patients. Further information is required to define prognostic features and indications for and results of treatment. We were therefore prompted to review our series. Material (Fig. 1) .
Exudative MAs, in which exudate is the major component measuring more than 1 disc diameter and is responsible for visual loss in cases combined with haemorrhage ( Fig. 2) .
Haemorrhagic MAs with haemorrhage extending more than I disc diameter, more extensive than any associated exudate, and responsible for visual loss (Fig. 3 ).
Argon laser photocoagulation was performed on 10 patients, five with exudative MAs and five with haemorrhagic MAs. In the haemorrhagic group two MAs were treated because of the development of macular oedema or exudate, while three were treated to prevent further haemorrhage. The technique consisted of applying a ring of argon laser photocoagulation (Coherent 200 source) two or three burns in width to the retina immediately surrounding Exudate is approaching the fovea. the MA sufficient to obtain mild to moderate retinal blanching. Burns were then placed on the aneurysm itself using similar intensity until the MA was blanched. Treatments employed a spot size of 100 to 200 [m with a duration of 0 1 to 0-2 seconds; nine MAs required an average of 52 burns, while two others needed over 300 burns each. The intensity and number of burns required depend on media clarity and local tissue swelling and uptake characteristics.
Results
A total of 44 MAs were identified in 43 eyes of 40 patients, and in 37 patients the MAs were single. Three patients had more than one MA, with bilateral involvement in all 3 (7-5%).
Sex. A definite female excess was noted, with 28 females (70%) and 12 males. The age specific incidence of MAs in the general population was greater for females (Fig. 4) .
Age. The age at presentation ranged from 55 to 89 years, with a mean of 66-1 years. The incidence of MAs was found to rise with age (Fig. 4) .
Clinical appearance and examination of stereo colour photographs disclosed a set of clinical signs in 86% of affected eyes which included a local retinal arterial dilatation surrounded by a ring of hyaline change and intraretinal haemorrhage with overlying retinal oedema. In some patients these signs were partly masked by overlying retinal haemorrhage, but in most an accurate diagnosis was possible from examination of the stereo colour photographs alone. Serous neuroretinal detachment was seen in four patients, with macular involvement in two. In most patients the classification as haemorragic or exudative was obvious. In seven patients with haemorrhagic MAs a minor degree of exudate was seen about the peripheral margins of retinal haemorrhage, and two of these later required laser treatment for macular oedema or exudate. Subretinal haemorrhage was present in 20 of the 21 Although fine capillary changes were frequently seen in the retina adjacent to the MA, in many patients these capillary abnormalities were also located well away from the MA (Fig. 8) .
Previous fundus photographs were available from 10 17 The predominance of females in this study is not due only to the excess of females in the older population (see Fig. 1 Isolated MAs are almost always seen in the elderly. Aging is associated with replacement of the smooth muscle of the arterial media by collagen and an increase in intimal collagen. The arteries lose their elastic recoil and become rigid and relatively dilated. These changes are similar to those seen in the sclerotic phase of hypertensive retinopathy, and Garner and Klintworth" noted that many age related changes may be the result of haemodynamic stress.
Haemorrhagic MAs were located significantly closer to the optic disc than other MAs. Arteries close to the disc have larger diameters and increased flow rates than peripheral vessels. These factors will increase transmural stress in these arteries, and may contribute to haemorrhage.
MAs frequently occur at arteriovenous crossings. At the point where arterial and venous walls are in contact the adventitial layer is absent, and the two vessels share a common coat." The arterial wall has less structural support at this point and may be prone to aneurysm formation. Any associated venous disease may cause local arterial wall damage, contributing to MA formation.
Retinal vein occlusions are frequently seen in association with MAs, and are also described in other arterial diseases such as Coats' disease"' and Leber's military aneurysms."l They were uncommon in association with haemorrhagic MAs but commonly seen in association with non-haemorrhagic MAs. This suggests that different factors are important in MA rupture, and mechanical factors may be significant. Perhaps these associations reflect the differing effects of widespread retinal vascular disease on high pressure vessels (arterial aneurysm formation) as compared with low pressure vessels (resulting in vein occlusion).
Hypertension is a prominent feature in MA patients. "' Hypertensive retinopathy is associated with poor retinal vascular autoregulation, plasma transudation, and subsequent vessel hyalinisation. A rigid, dilated arteriole with abnormal wall results."233 The higher systolic blood pressures seen in patients with haemorrhagic MAs may have contributed to haemorrhage both by the increased transmural tension and by a greater amplitude of pulsations, causing mechanical vascular damage. We could not determine the patients' activities at the time of rupture in a large enough sample. However, studies of cerebral aneurysms have shown that up to 50% ruptured during events associated with transient arterial hypertension, emphasising the importance of mechanical events,'3 " and studies of experimental aneurysms have emphasised the roles of both hypertension and increased haemodynamic stress.6 In this respect macroaneurysms have been compared to Charcot's cerebral aneurysms, which may be implicated in the genesis of cerebrovascular accidents. 37 A compromised vessel wall of any aetiology may be less able to withstand further insults such as embolic damage, particularly in the presence of a high intraluminal pressure. Although MA formation is often ascribed to the mechanical effects of hypertension,"'4 several authors have drawn attention to the role of local vascular damage." 2"I Retinal arterial emboli are frequently seen in eyes with MAs, which have been shown to develop at sites of previous embolic occlusion." Indeed, a detailed study of retinal emboli reported one patient with an arterial exudative lesion 'of unknown significance', and the published photograph was very suggestive of an MA.' We note that the distribution of MAs parallels that described for retinal emboli,3" showing a marked preference for the temporal retinal vessels and posterior pole. Histologically, MAs are found in areas of arterial disease,"' and one eye had evidence of focal small vascular occlusions."' The frequent finding in our study of focal capillary abnormalities in areas adjacent to and away from MAs may be a sequel of small platelet-fibrin emboli. These emboli can travel far down the arterial tree, breaking into small fragments which occlude vessels and subsequently resorb, leaving focal zones of capillary closure. Vascular remodelling can occur after embolic occlusions,"9 and this may explain the frequent finding of focal capillary dilatation. These capillaries may leak and cause visual loss if located in the perifoveal area,"' though this was not seen in our series.
Systemic vascular disease other than hypertension was a prominent feature of our MA patients as it was in other studies. In some patients the MA was the first manifestation of underlying systemic vascular disease. In a few patients systemic vascular disease was not found at their initial visit, but appeared at later follow-up. We are not aware of haematocrit measurements in previous studies of MAs. Although raised haematocrits have been described in patients with retinal vein occlusions,"' this did not account for the raised haematocrits seen in our MA patients. Although our sample was small, the raised haematocrits did not appear to be due to smoking. Raised haematocrits are commonly seen in systemic vascular disease.4' 42 The raised haematocrits in our MA patients may reflect their underlying systemic vascular disease.
Although some authors have suggested that MA patients have a high death rate after diagnosis,' "1 this was not our experience. The 4-8% mortality observed over the study period is not alarming given the ages of our patients.
The management of MA patients requires a full investigation for systemic disease, with particular attention to hypertension and systemic vascular and embolic disease. MAs were seen almost exclusively in the sclerotic phase of hypertension, with evidence of long-standing retinal vascular changes. In the face of long-term retinal vascular damage control of hypertension is not likely to cause resolution of the MA, though it might reduce the risk of haemorrhage.
Ocular management depends on MA behaviour. Haemorrhagic MAs with intact maculae should be observed closely in the initial period, as occasionally patients develop macular exudate requiring treatment. In general these MAs resolve spontaneously and do not require treatment. It has been suggested that haemorrhagic MAs should be treated to prevent recurrent haemorrhage.27 Both this and a previous study' have found that recurrent haemorrhage is extremely uncommon, and that there are no reliable indicators of impending haemorrhage. In particular, MA pulsation is not a reliable warning of impending haemorrhage.'3 On the basis of this evidence we believe that the major indication for treatment of haemorrhagic MAs is the development of macular odema or exudate.
Our study shows that treatment results in a significantly shorter duration of MA patency as compared to untreated cases. Since visual loss from macular oedema or exudate depends on severity and dura-tion, early photocoagulation of selected cases should be beneficial. When There are no histological studies of the mechanism of laser induced resolution of a MA. Clinical experience suggests that the argon blue-green laser results in thermal uptake both in the retinal pigment epithelium surrounding the MA (causing injury to the outer vessel wall) and in the haemoglobin and oxyhaemoglobin43 in the arterial lumen (causing endothelial injury). The aim of perilesional retinal photocoagulation is to aid resolution of oedema, though there is evidence that photocoagulated retinal pigment epithelium may trigger proliferation of nearby retinal vascular endothelial cells.44 This mechanism could also contribute to resolution of the MA. The immediate vasospasm and reduced flow are superseded by a vascular repair response which results in local vessel wall constriction and MA resolution.
